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THE RELATIVE SOLUBILITY OF SOIL PHOSPHORUS
IN DIFFERENT SOLVENTS
H. C.

MILLAR,
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SMITH AND

P. E.

BROWN

Various investigators have shown that carbon dioxide is important in the soil in making the plant food elements available. As
a result attempts have been made to use solvents which are similar
to carbon dioxide in their solubility effects on soil phosphorus. In
many cases, the available phosphorus as measured by these solvents
has correlated rather well with crop responses to phosphate fertilizer in the field, but the correlation is not perfect in all soils.
It seemed desirable, therefore, to make a comparative study of
the solubility of soil phosphorus in saturated carbon dioxide water,
0.002 N H 2 S0 4 and distilled H 2 0 under laboratory conditions.
The three solvents were used to extract phosphorus from different
soils and also to determine the influence of various soil treatments
on the solubility of phosphorus.
Five acid soils and five basic soils were selected to be tested.
They were air dried, passed through a one millimeter sieve, and
thoroughly mixed. Two grams of each soil were weighed out into
quart milk bottles and 400 c.c. of the solution were added. The
containers were then placed in an end-over-end shaking machine
and shaken for one and one-half hours. The soils were then filtered
and an aliquot taken for the phosphorus determination by the
Deniges' colorimetric method. The results obtained are presented
in Table I.
Table I - Solubility of Soil Phosphorus in Different Solvents

SOIL

pH

Grundy Silt Loam
Shelby Loam
Tama Silt Loam
Carrington Loam
Clinton Silt Loam
Cass Silt I ,oam
W•b'"h Silty Cloy T~•ml
Lamoure Silt Loam
Marshall Silt Loam
Webster Silt Loam

5.33
5.80
5.88
6.16
6.52
7.77
7.80
7.83
Z0'8
8.12

Published by UNI ScholarWorks, 1935

Soluble in
P Soluble in PH,Co,
hav- P Soluble
0.002 N
H,SQ, hav- ing pH 4.2 in distilled
H,O
Sat. CO,
ing pH 3.1
H,Q
ppm
PP m
PP m
18.05
9.40
Trace
10.63
7.39
Trace
12.SO
2.50
Trace
19.23
S.56
Trace
22.32
13.52
43.SO
10.41
34.20
25.06
IS.l S
S.26
83.33
l.2S
Trace
1.3S
14.83
Trace
119.0S
2.78
11.57
11.4S
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The results in the table show that there was more phosphorus
extracted by 0.002 N sulfuric acid than by carbonic acid or distilled water. The amount of phosphorus extracted with 0.002
N H 2 S0 4 was greatest in Marshall silt loam and less in Wabash
silty clay loam, Clinton silt loam, Cass silt loam, Carrington loam,
Grundy silt loam, Tama silt loam, \Vebster silt loam, Shelby loam
and Lamoure silty clay loam respectively. The amount of phosphorus soluble in carbon dioxide saturated water was greatest in
Cass silt loam and less in Clinton silt loam, VI abash loam, Marshall silt loam, \Vebster silt loam, Grundy silt loam, Shelby loam,
Carrington loam, Tama silt loam, and Larnoure silty clay loam
respectively. It is interesting to note that there were but two soils,
the Grundy and the Lamoure which have the same relative position
with the two solvents. Grundy is in the sixth place with both solvents and Lamoure is in the tenth place. This would seem to indicate that phosphorus soluble in these reagents is not only a function of the soil and the reagent but also of other factors such as
the form of phosphates present and presence of other compounds.
The amount of phosphorus soluble in distilled water is more
nearly the same as that for saturated carbon dioxide water than
it is for 0.002 N sulfuric acid.
Tal1lc II -

Phosphorus JI adc Soluble by Different Solvents

SOILS
Carrington Loam

Carrington Silt Loam

Tru,;ATMENT

PARTS PER MILLION OF P
Sat. CO, H,O
0.002 N under
SO mm.
H,so. H,O Pressure

Check
Lime
Lime + Rock Phosphate

5.21
5.91
199.81

100.00
22.8

Check
Lime
Lime+ Rock Phosphate

5.38

5.47

18.l
10.0
52.0

118.90

55.6

Another experiment was made to study the effect of pressure
and temperature of a saturated carbon dioxide solution upon its
ability to dissolve phosphorus from the soil minerals.
A Carrington loam and a Carrington silt loam were selcctccl
from plots of soils which had been treated with 1,000 pounds per
acre of rock phosphate and sufficient limestone to neutralize the
acidity.
Two grams of soil were placed in one liter Erlenmeyer flasks
and 400 c.c. of water were added. The flasks were then stoppered
and carbon dioxide gas \\·as applied to the solution under a pressure of 50 millimeters of water. The flasks were then shaken in a
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reciprocal shaker for one-half hour. The same soils were subjected
to 0.002 N H 2 SO, for one-half hour without the application of
additional pressure. The soils were then filtered and aliquots taken
for phosphorus determinations as in the preceding experiment.
The results obtained are presented in Table II.
The data in the table show that the carbon dioxide solution under
a pressure of 50 mm. water was much more effective in making
phosphorus soluble in the check and the limed soils than was the
0.002 N sulfuric acid.
The soils that received phosphorus additions showed a larger
phosphorus content in the sulfuric acid extract than they did when
a saturated solution of carbon dioxide was used as the solvent.
With sulfuric acid as the solvent, the soils that received lime
showed a slightly greater phosphorus content than the check soils.
The soils treated with lime and phosphorus contained a much
larger content of soluble phosphorus with this reagent than with
saturated carbon dioxide water.
The results obtained with the carbon dioxide solution showed a
decrease in the amount of solnhle phosphorus in the lime treated
soils. Whether this is due to a lower solvent effect of carbon
dioxide saturated water on the phosphorus compounds in the presence of lime or whetlier the carbon dioxide forms carbonates and is
less reactive is not brought out hy the data. The former explanation seems more logical, however, since the solution was under a
constant supply of carbon dioxide.
\i\Then phosphorus was added to the soil with lime the depressing
effect of the lime was still apparent as the amount of phosphorus
made soluble with carbon dioxide solution was considerably below
that found in the sulfuric acid extract.
A third experiment was made to study the Influence of temperature upon the ability of carbon dioxide to dissolve phosphorus
from soils.
Two grams of Carrington loam in 400 c.c. of distilled water were
placed in one liter J<'.rlenmeyer flasks. The flasks \Vere brought to
different temperatnres and then placed under pure carbon dioxide
gas at SO millimeters of water pressure. They were shaken in a
reciprocal shaker for one-half hour. The temperature was then
noted and the soils filtered. ",\liquots vn:rc taken for phosphorus
determination. The amount of carbon dioxide in solution was determined by adding an excess of standard KOH to the solution and
then adding BaCl 2 to precipitate the KHCO". The excess KOH
was determined by titrating against standard HCl. The carbon
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dioxide in solution was expressed at 25°C. and 735 millimeters
pressure. The results obtained are shown in Table III.
Table III -Effect of Temperature upon C02 in Solution and Its Reactivity
TEMPERATURE
IN THE
BEGINNING

15°
20
25
30
35
40

c.

I

TEMPERATURE
AT THE END OF
EXPERIME!'.'T

21.0°
23.0
25.5
28.0
29.0
31.0

c.

PHOSPHORUS
IN PARTS PER
MILLION

c. c. CO,

23.0
23.2
21.2
23.2
23.6
24.0

39.8
37.7
37.7
32.5
38.2
30.9

IN
SoLUTIO:"I

The data show that with an increase in temperature there is a
decrease in the amount of carbon dioxide in solution and also that
the solubility of phosphorus in the carbon dioxide solution was at
a minimum at 25°C. Below this temperature the amount of carbon
dioxide in solution increased and more phosphorus was dissolved.
Above this temperature less carbon dioxide was in solution but
the solubility of the soil phosphorus was increased.
SUMMARY AND CONCLUSIONS

A comparative study was made of two solvents to dissolve soil
phosphorus. The reagents used were 0.002 N H 2 S0 4 and a saturated solution of carbon dioxide. The influence of lime on the
ability of these reagents to dissolve the soil phosphorus was investigated. Under atmospheric pressure sulfuric acid was more
effective in dissolving soil phosphorus than a saturated solution of
carbon dioxide. The results indicated that the phosphorus is not
present in the different soils in the same form and that the amount
of phosphorus obtained by the different methods is a function of
the form in which it is found in the soil. Subjecting a carbon
dioxide solution to 50 mm. of water pressure greatly increased its
solvent effect on phosphorus, but this effect was greatly decreased
by lime.
DEPARTMENT OF SOILS,
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